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Abstract 
Proper postharvest handling of food produces is more important than the intensive and extensive farming in 
securing food for a nation, because losses are not only a waste of food but also they represent a similar waste of 
human effort, farm inputs, livelihoods, investments and scarce recourses such as water. Postharvest losses of 
horticultural crops in general and fresh fruits and vegetables (perishables) in particular are very common 
problems in developing countries, like Ethiopia, which has a negative impact on the food security program. This 
is partly because of their perishable nature, lack of knowledge and shortage of capital. The other reason is that 
most of these perishables are produced by small-scale farmers those who have limited knowledge and financially 
poor in the developing countries. Therefore, estimation of postharvest losses of fresh fruits and vegetables is 
highly important for awareness creation to manage the produce properly so as to save from spoilage and 
damages by physical and physiological means. The objectives of this review are, therefore, to assess the 
available literatures on the postharvest losses of fresh fruits and vegetables in an attempt to identify priority areas 
of the problem; to identify the causes of losses of perishables in order to avoid the causes for the reduction of 
losses; and to identify the possible strategies that can reduce losses and maintain quality of the commodities 
during the period. 
Keywords: Fresh fruits and vegetables, perishables, postharvest loss  
 
1. Introduction 
Fruits and vegetables provide different benefits and play a significant role in human nutrition, especially as 
sources of vitamins, minerals, and dietary fiber (Wargovich, 2000). Fruits and vegetables in the daily diet have 
been strongly associated with reduced risk for some forms of cancer, heart disease, stroke, and other chronic 
diseases (Wargovich, 2000; Tomas-Barberan and Espin, 2001). Some components (phytochemicals) of fruits and 
vegetables are strong antioxidants and function to modify the metabolic activation and detoxification of 
carcinogens, or even influence processes that alter the course of the tumor cell (Wargovich, 2000).  
High value products of horticultural crops also provide an opportunity for less developed countries, 
like Ethiopia, to compete for a share of profitable export market (Lambaste, 2005). Particularly, diversification 
of traditional agricultural commodities into high value horticultural production and exports (fruits, vegetables 
and flowers) has been indicated as a sector that can provide real opportunities for enhancing export performance 
(Keno, 2011). However, high value horticulture is challenging and the practical risks involved at every stage are 
so high that the chances of actually attaining such achievements are quite low, and highly dependent on 
management performance (Joosten et al., 2011).  
Therefore, production of fresh fruits and vegetables has its own complexity. Their perish-ability and 
hugeness makes them difficult to manage easily during postharvest period unlike that of dry grains. Because of 
such perishable nature of the produce and lack of knowledge as well as shortage of capital, horticulture industry 
in sub-Saharan Africa in general and in Ethiopia in particular stays at its infant stage. The other reason is that 
most of these perishables are produced by small-scale farmers those who have limited knowledge and financially 
poor in this region.  
Small-scale producers engaged in fruit and vegetable cultivation is estimated at 6.0 million farmers 
whereas the production estimate of fruit and vegetables, including root crops, is 2.16 million tons (9.2% of total 
national peasant crop production) in Ethiopia (Joosten et al., 2011). This volume is produced on 356 thousand 
hectares (2.4% of total cultivated land in 2008/09) of peasant holdings. The total fruit and vegetable production 
comprises about 351 thousand tons of fruits (16%), 600 thousand tons of vegetables (28%), and 1.2 million tons 
of root crops (56%). Currently 95% of the fresh vegetable supplies to the domestic urban and regional export 
markets are sourced from the peasant sector in the country.  
But small-scale vegetable farms are based on low input – low output production systems (Olayemi et 
al., 2012). The use of improved seeds and agro-chemicals is not common in the small-scale sector. Technical 
training and extension services on improved crop husbandry techniques are not available. As a result average 
Journal of Biology, Agriculture and Healthcare                                                                                                                                www.iiste.org 
ISSN 2224-3208 (Paper)  ISSN 2225-093X (Online) 
Vol.5, No.5, 2015 
 
50 
productivity of the crops is low both in quality and quantity.  Losses of agricultural products also occur at all 
stages in the postharvest chain in the small-scale farming sector of developing countries. Therefore, postharvest 
loss is very common both during pre- and post-harvest periods which have a negative impact on the food 
security program of the countries of the region.  
Gustavsson et al. (2011) stated that food loss and waste reduction is equally important to that of 
intensive and extensive farming to secure food for a nation. Losses cause less food to be available and therefore 
contribute to food insecurity. Producing food that will not be consumed also leads to unnecessary CO2 emissions 
in addition to loss of economic value of the food produced. The reduction of postharvest losses of agricultural 
products is, therefore, important to increase food security and availability in the developing countries (Mrema 
and Rolle, 2002). Kader (2005) also reported that minimizing postharvest losses of horticultural perishables is a 
very effective way of reducing the area needed for production and/or increasing food availability. Because the 
extent of losses and wastage that occur throughout the food supply chains is very high. Not only losses are 
clearly a waste of food but also they represent a similar waste of human effort, farm inputs, livelihoods, 
investments and scarce recourses such as water (WRI, 1998).  
Estimation of the magnitude of losses and waste are still lacking, particularly in developing countries. 
Generally, FAO (2012) roughly estimated that yearly global quantitative food losses and waste reached at 40–50% 
for fruits, vegetables and root crops. Olayemi et al. (2012) also estimated that as much as 25% and 40% fruits 
and vegetables, respectively, are lost after harvest and concluded that farmers experienced serious postharvest 
losses particularly due to poor postharvest handling measures in their study in Nigeria. Therefore, this review 
intended: (1) to assess the available literatures on the postharvest losses of fresh fruits and vegetables so as to 
identifying priority areas of the problem; (2) to identify the causes of losses of perishables accordingly in order 
to show the weight of the problem and its influence on food security and the economy of a country; and (3) to 
identify the possible strategies that can reduce losses and maintain quality of the commodities during the period. 
 
2. Extent of Postharvest Losses of Fresh Fruits and Vegetables  
Postharvest loss has been defined as a measurable quantitative and qualitative loss of a given product at any 
moment along the postharvest chain (De Lucia and Assennato, 1994) and includes the change in the availability, 
edibility, wholesomeness or quality of the food that prevents it from being consumed (FAO and UNEP, 1981).  
2.1 Qualitative Losses  
Kader (2005) reported that qualitative losses such as loss in edibility, nutritional quality, caloric value, and 
consumer acceptability of the products are much more difficult to assess than quantitative losses. Standards of 
quality and consumer preferences and purchasing power vary greatly among countries and cultures. For example, 
elimination of defects from a given commodity before marketing is much less rigorous in developing countries 
than in developed countries. However, this is not necessarily bad, because appearance quality is often over-
emphasized in developed countries.  
Vitamin C, one of the quality parameters, is an important antioxidant that can protect cells from cancer 
causing agents (Nandi and Bhattacherjee, 2005; Hassan et al., 2010). Good sources of vitamin C include such 
horticultural crops as citrus, mango, pineapple, tomatoes and cauliflower. Hassan et al. (2010) investigated that 
vitamin C content in the pulp of mango sharply declined from 51.48 mg/100g at farm fresh level to 17 mg/100g 
at 8 days after harvest. Tomato is also observed to be a moderate source of vitamin C. According to Hassan et al. 
(2010), vitamin C contents declined with duration of storage. It was observed that the vitamin C contents of 
tomato declined from 25.29 mg/100 g in farm fresh sample to 12.16 mg/100 at day 8, manifesting a total of 
51.91% loss of vitamin C.  
 
2.2 Quantitative Losses  
2.2.1 Losses of fresh fruits and vegetables in the global level  
Kader et al. (2012) reported that about one-third of the food produced is wasted in developed and developing 
countries which accounts to 1.3 billion tons per year. In medium- and high-income countries, a lot of food is 
discarded while it is still suitable for human consumption (more than 40% of the losses occur at the retail and 
consumer levels) while in developing countries, food losses occur early in the food supply chain at postharvest 
and processing stages (Table 1).  
According to Salami et al. (2010), about 30-40% of fruits and vegetables are lost or discarded after leaving the 
farm gate. Kader (2002) also estimated that postharvest losses in fresh fruits and vegetables are 5 to 35% in 
developed countries and 20 to 50% in developing countries. Fresh fruits and vegetables are wasted throughout 
the food supply chains, from initial agricultural production down to final household consumption (Table 1).  
As shown in the table 1, losses at the agricultural production stage exceeds all the other stages in the 
three industrialized regions (Europe, North America & Oceania and Industrialized Asia), which may mostly due 
to quality standards set by retailers. Waste at the end of the food supply chains (FSC) is also significant in the 
three regions, with 15-30% of purchases by mass discarded by consumers. While in developing regions losses in 
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processing and packaging stage exceeds the other losses throughout the FSC which can be explained by 
deterioration of perishable crops in the warm and humid climate of many developing countries as well as by 
seasonality that leads to unsalable gluts. Losses during agricultural production stages are also severe. This might 
be due to lack of knowledge, technology and shortage of capital. 
2.2.2 Losses of fresh fruits and vegetables in the sub-Saharan Africa  
Africa remains the continent with greater arable land to feed its growing population and beyond, yet the 
continent remain the most impoverished in food security (Owusu – Sekyere, 2011). The Sub Saharan Africa 
(SSA) net food production per annum is within 230 million tons (Gustavsson et al., 2011). Greater portions of 
this amount is lost due to various factors ranging, for example, poor infrastructure, low levels of technology and 
low investment in the food production systems, pest, inadequate policies, storage, climate and other factors 
(Andah, 2000; Gustavsson et al., 2011). Accordingly, the loss of fresh fruits and vegetables can be estimated 
based on the data of Gustavsson et al., 2011 (FAO) (Figure 1). 
2.2.3 Estimation of losses of fresh fruits and vegetables in Ethiopia  
Currently there are limited literatures to review on the extent of postharvest losses of fresh fruits and vegetables 
in Ethiopia due to lack of research works in the sector. However, it is possible to estimate such losses of these 
perishables based on the annual production data of central statistics agency (CSA) of the country. Accordingly, 
about 192,555.39 and 4,793,360.64 hectares of land were under production of vegetables and fruits, respectively, 
during the main production season (2012/13) (CSA, 2012/13). According to the rough estimation of FAO (2012), 
yearly global quantitative food losses and waste reached at 40–50% for fruits, vegetables and root crops. From 
this estimation, the following values shown in table 2 are losses which can be occur from yearly production of 
some fruits and vegetables grown in Ethiopia. 
Householders living near to urban centers largely practice vegetable farming. Most vegetables are not 
commonly practiced by the rural private peasant holders hence the small volume of production recorded as well 
evidenced by the survey results of CSA (2012/13). Vegetables took up about 1.43% of the area under all crops at 
national level in 2012/13 production year. Of the areas under vegetables, 71% and 18% was under red peppers 
and Ethiopian Cabbage, respectively. Production of vegetables contribute 2.95% of the total crops production, 
conversely, of the total production of vegetables, red pepper and Ethiopian Cabbage have the lions share, i.e. 
about 37.14% and 43.53% (CSA, 2012/13). 
According to CSA (2012/13), bananas, mangoes, papayas and oranges took up 63%, 15%, 8% and 8% 
of the fruit production in the country, respectively, (Table 2.5). More than 479,337 tons of fruits were produced 
in the country during the production year of (2012/13). 
 
2.3 Impact of the Losses  
2.3.1 Economic impacts  
Food loss and wastage have many negative impacts on economy and environment. Economically, they equate to 
a wasted investment that reduces the economic wellbeing of actors in the food value chain. For example, food 
waste at the consumption stage costs an average of US$1,600 per year for a family of four in the United States 
and about US$1,000 per year for the average household in the United Kingdom (Lipinski et al., 2013). In china, 
about US$32 billion worth of food is thrown away annually (WRAP, 2011; Zhou, 2013). In Sub-Saharan Africa, 
where many farmers earn less than US$2 a day, postharvest losses have a value of up to US$4 billion per year 
(World Bank, NRI and FAO, 2011). 
As a consequence, food losses and waste have impacts on hunger and poverty alleviation, nutrition, 
income generation and economic growth. Food losses are indicative of poorly functioning and inefficient value 
chains and food systems, and as such they represent a loss of economic value for the actors in these chains. Food 
commodities traded at international markets and wasted in one part of the world could affect food availability 
and prices in other parts.  
2.3.2 Impact on the environment and climate  
Food losses and waste have also negative impacts on the environment because of the energy, biodiversity, 
greenhouse gases, water, soil and other resources embedded in food that no one consumes. Producing food that 
will not be consumed leads to unnecessary CO2 emissions in addition to loss of economic value of the food 
produced. Producing food that will not be consumed leads to unnecessary CO2 emissions in addition to loss of 
economic value of the food produced (Gustavsson et al., 2011).  
Environmentally, food loss and waste represent unnecessary greenhouse gas emissions and wasted 
water and land. Globally, the amount of food loss and waste in 2009 was responsible for roughly 3,300-5,600 
million metric tons of greenhouse gas emissions (carbon dioxide equivalent), the upper end of which is almost 
equivalent to the amount of carbon dioxide emissions from energy consumption by the United States in 2011 
(Lipinski et al., 2013). Food loss and waste are associated with approximately 173 billion cubic meters of water 
consumption per year, which represents 24 percent of all water used for agriculture (Kummu et al., 2012). The 
amount of cropland used to grow this lost and wasted food is 198 million hectares per year, an area about the 
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size of Mexico (Kummu et al., 2012). And 28 million tons of fertilizers are used annually to grow this lost and 
wasted food (Kummu et al., 2012). Beyond these quantified impacts, natural landscapes and the ecosystem 
services they provide are also adversely affected by the resources that go into producing this lost and wasted 
food. 
 
3. Causes of Postharvest Losses in Fresh Fruits and Vegetables  
Causes of food loss are varying between developing and developed countries due to economic growth. 
Accordingly, Gustavsson et al. (2011) stated that the causes of food losses and waste in developed countries 
mainly relate to consumer behavior as well as to a lack of coordination between different actors in the supply 
chain. Farmer-buyer sales agreements may contribute to quantities of farm crops being wasted. Food can be 
wasted due to quality standards, which reject food items not perfect in shape or appearance. At the consumer 
level, insufficient purchase planning and expiring also cause large amounts of waste together with the careless 
attitude of those consumers who can afford to waste food.  
The causes of food losses and waste in developing countries are mainly connected to financial, 
managerial and technical limitations in harvesting techniques, storage and cooling facilities in difficult climatic 
conditions, infrastructure, packaging and marketing systems. Physical and quality losses are mainly due to poor 
temperature management, use of poor quality packages, rough handling, and a general lack of education 
regarding the needs for maintaining quality and safety of perishables at the producer, wholesaler, and retailer 
levels (Kitinoja et al., 2010). Consequently, the following are among the most important causes of losses for the 
fresh fruits and vegetables in developing countries in general and sub Saharan Africa in particular.  
3.1.1 Poor temperature management  
Temperature in both extremes is the main causative agent in affecting the postharvest period of horticultural 
perishables. Thus, amount of temperature in the horticultural produce during harvesting, handling, transport and 
marketing is much higher than those recommended for quality maintenance of the produce due to continuous and 
high rate of respiration and other related biochemical reactions of the produces. For example, pulp temperatures 
for tomatoes in Rwanda were 15.1, 7.1 and 8.4°C higher than recommended when measured at the farm, 
wholesale market and retail market, respectively, (Kitinoja and AlHassan, 2012).  Recommended verses 
measured pulp temperatures for tomatoes at farm, wholesales market and retail market sites of four countries 
were reported by Kitinoja and AlHassan (2012) as shown in the table 6, and pulp temperatures for the other 
crops are all similar to that reported for tomatoes.  
The general lack of use of shade contributes to high pulp temperatures and high water losses. For a few 
crops, pulp temperatures were lower than air temperatures (tomatoes being packed under shade in India, 
pineapples handled in the early morning in Rwanda, damaged cabbages in Ghana, observed to be wilting in the 
sun) (Kitinoja and AlHassan, 2012).  
High temperatures are well known to result in increased rates of respiration, deterioration and water 
loss in fresh produce, leading to reduced market value and decreased nutritional value. Measured air and pulp 
temperatures in SSA and India were so much higher than the optimum postharvest handling temperatures 
recommended for maintaining optimum quality (Hardenburg et al., 1986) that shelf life theoretically would be 
only one half or even one quarter of the potential.  
3.1.2 Mechanical injury  
To keep fruits and vegetables fresh during distribution is the main problem. Because, fresh fruits and vegetables 
are rich of water, easily spoiled and have short shelf life, which largely limit the transportation and transaction 
time. Therefore, they require highly safety transportation and infrastructure efficiencies. However, due to the 
undeveloped distribution facilities and equipment the loss of quality is high during distribution and sales process 
as a result of mechanical injury. According to statistics, the loss rate of fruits and vegetables reaches to 25% to 
35%, while the loss rates are respectively blow 5% in developed countries, e.g. 1% to 2% in United States (Fang, 
2002). According to the other survey report on supermarket fresh logistics distribution centers in 2006, loss of 
fruits and vegetables mainly lies in processes of transportation, sorting, storage and shipping (Zhang and Deng, 
2012). 
Kitinoja and AlHassan (2012) further reported that physical damage during handling was very high. 
Physical damage was even higher for the most delicate crops (i.e., 34.3±40.3% on farm, 86.4±35.9% at 
wholesale and 73.8±26.0% at retail markets for leafy greens in Benin), for crops handled in a large sack that 
does not provide protection (i.e., cabbage in Ghana), or without any kind of package (8.5±12.7% on farm, 
19.0±18.4% at wholesale and 22.0±14.4% at retail markets for bananas in Rwanda). According to the authors, 
visual symptoms of losses and quality problems included wilting for leafy greens, softening in fruit crops, and 
bruising for many of the crops.  
For seven crops, adequate data were collected on market prices and price per kg that enabled 
calculation of the changes in retail market value caused by a decline in visual quality. For both amaranth leaves 
in Benin and pineapples in Rwanda, economic losses were estimated at 30%, based on reduction in market value 
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per kg of the produce sold when compared to the highest price per kg offered for higher quality produce on the 
same day in that market. In India, average losses in market value at the retail level as result of perceived decline 
in quality was 1% for tomatoes, 52% for cucurbits, 31% for okra, 20% for mangoes and 18% for litchis (Kitinoja 
and AlHassan, 2012). 
3.1.3 Microbial action  
Agrios (2005) reported that Postharvest diseases destroy 10 to 30% of the total yield of crops, and in some 
perishable crops, especially in developing countries, they destroy more than 30% of the crop yields. Especially 
fresh fruits and vegetables are highly perishable products; and their quality is affected by postharvest handling, 
transportation, storage and marketing. The improper handling, packaging, storage and transportation may result 
in decay and production of microorganisms (Fig. 4), which become activated because of the changing 
physiological state of the fruits and vegetables (Wilson et al., 1995). 
Fungi are the most important and prevalent pathogens infecting a wide range of host plants and 
causing destructive and economically important losses of most fresh fruits and vegetables during storage and 
transportation (Sommer, 1985). Fruit, due to their low pH, higher moisture content and nutrient composition are 
very susceptible to attack by pathogenic fungi, which in addition to causing rots may also make them unfit for 
consumption by producing mycotoxins (Moss, 2002).  
3.1.4 Poor packaging  
As reported by Kitinoja and AlHassan (2012), packages used for handling of fresh produce in SSA and India 
were too big, too rough, and too weak to provide protection for fresh produce during handing and transport (Fig. 
5 and 6). Across all crops and countries package protection ratings were uniformly low, 46% of crops were 
packed in large sacks or cloth bundles, 31% were packed in open baskets and 8% had no package at all. Even 
some of the most delicate, highly perishable crops were packed in sacks (i.e., leafy greens in Rwanda, okra in 
India), and many moderately perishable crops were packed in large sacks (eggplant in India, peppers in Ghana 
and Benin, pineapples in Rwanda). 
Kitinoja and AlHassan (2012) additionally reported that only 15% of crops were packed in plastic or 
wooden crates, and even these containers were of inferior quality. The plastic crates used in India for mangoes 
and tomatoes were dirty and rough on the inside, causing abrasions, and wooden crates used for tomatoes in 
Ghana were made with no vents and for holding 60 to 70 kg of ripe fruits. These wooden crates were too large to 
provide protection, and much of the fruit on the bottom of the crates was crushed and typically discarded before 
sale. 
 
4. Postharvest Loss Reduction Strategies in Fresh Fruits and Vegetables 
4.1 Appropriate Postharvest Technologies for Small Scale Farmers  
4.1.1 Improved containers or packages  
In India, Saran et al. (2012) field tested the locally made and found to be inexpensive, reusable for several uses, 
and recyclable lightweight corrugated fiber-board liners for cartons and plastic crates. Accordingly guava was 
transported over a distance of 50 km in inexpensive plastic crates, both with and without crate liners and no 
significant change in weight loss % was measured for the two treatments, but bruises were observed in 12.5% of 
the guavas transported in crates without liners. Saran et al. (2012) also worked out cost/benefit and return on 
investment, and stated its profitability as follows. Fifty sets of liners cost US$ 9.50; market value of the bruised 
guava fruits fell from US$ 0.8/kg to US$ 0.3/kg, which is immediately profitable. For each 1 MT load (50 crates) 
of guava fruit transported, the additional profits were US$ 52.60 or 5.5 times the cost of the initial investment. 
Total returns depend upon the number of times the liners are used for transport. Therefore, adoption and the use 
of such locally available and low-cost materials in other developing countries, like Ethiopia, is important to save 
the values of perishables in them till consumption.   
4.1.2 Improved field packing methods during harvest  
Cabbage in large sacks (holding up to 70 kg) suffered 32% breakage and head splitting, while half sized sacks 
(approximate capacity 30 kg) resulted in less damage (23% breakage and head splitting) (Saran et al., 2012). 
These authors further investigated that market value of the cabbage was the same for the undamaged heads $US 
1.00/kg but damaged heads were discarded as a total loss. In India, farmers reported they sold cling wrapped 
cauliflower for US$ 0.4/head compared to those unwrapped, which sold for US$ 0.2/head, both of the same 
weight.  
Provision of shade with plastic shelters was another feasible technology to be used by small scale 
farmers as reported by Saran et al. (2012). As a result, weight losses under traditional conditions were 2.5% in 4 
hours, compared to 0.5% in 4 hours under shade. Quality sorting and grading, plus the use of improved packages 
resulted in higher price/kg offered by the buyers coming to the farm. 
4.1.3 Low energy cool storage practices (zero energy cool chambers) (ZECC)  
According to Roy’s presentation, [Online] Available: http://www.win2pdf.com, the main advantages of this on-
farm low cost cooling technology are: (1) it does not require any electricity or power to operate, and (2) 
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materials required like bricks, sand, bamboo etc are available, easily and cheaply. Cool chambers can also reduce 
temperature by 10-15 oC and maintain high humidity of about 95% that can increase shelf life and retain quality 
of horticultural produce (Tables 8 & 9 and Fig. 7).  
Packing trials conducted during the cool winter season with spinach resulted in a reduction of weight 
loss from 5% (no shade) to 1% (under shade) (Saran et al., 2012). Poly net shade structures cost US$ 140 each. 
Although market value for the spinach was the same US$ 0.2/kg, the earnings were higher because of the higher 
volume available for sale by weight. Differences in weight loss would be higher for trials conducted during the 
hot summer months. 
During the peak of tomato production season in India there is a market glut, and prices offered to 
farmers fall to UD$ 0.04/kg, while during the lean season the market price can climb as high as US$ 1/kg. Field 
trials documented that 10 kg of tomato fruit yielded 6 L of juice, which was processed to 2 L of puree. Concerns 
with traditional chemical treatments (food safety) mean training should be provided on recipe modifications, 
carefully measuring ingredients, choosing safe alternatives to dangerous chemicals used as food preservatives.  
 
4.2 Use of Solar Drying in Tropical and Subtropical Regions  
The best way of maintaining the nutritional value of fruits is by keeping the products fresh. However, most of the 
storage methods require low temperatures, which are difficult to maintain throughout the chain mainly in the 
developing countries (Sagar and Kumar, 2010). Wakjira (2010) also reported that other low input approaches 
include using the abundant solar heat available in tropical and subtropical regions to preserve a greater 
proportion of locally grown fruits and create other food products from them. Solar drying of fruits is one of these 
technologies, which can enhance the shelf life of fruits. Besides, it improves nutritional standards in diets, 
minimize seasonal gluts, and reduce transportation cost.  
Fresh produce contains up to 95 % water and thus is sufficiently moist to support both enzyme activity 
and growth of microorganisms (FAO, 1989). The aim in drying is to reduce the water content of the produce to a 
level insufficient for enzyme activity or the growth of microorganisms. Depending on the commodity, the critical 
level is about 10 – 15 percent moisture, because removal of too much water may make the product become 
brittle and shatter easily (FAO, 1989).  
According to Ofor and Ibeawuchi (2010), the products that are used for drying are generally the 
surplus of fresh fruit and vegetables not consumed at harvest time. In many parts of Ethiopia that have a 
prevailing dry atmosphere, sun-drying by open tray method is feasible without the use of solar drying structures 
(Samunegus, 1985; Ofor and Ibeawuchi, 2010). Vegetables in these areas have been reduced to about 10% 
moisture content by sun-drying, which ensured that they could be stored at moderate temperatures for about 18 
months. But fruits have an average shelf life of 7 to 36 days at average storage temperatures (Anonymous, 1991).  
 
4.3 Other postharvest loss reduction strategies  
4.3.1 Hot water treatment   
Treating of some horticultural commodities is also important to reduce the spread of microbes during distribution 
and storage. Dea et al. (2008b) reported that the hot water quarantine treatment (diping in 46 oC water for 65 to 
110 minutes depending on cultivar and fruit size) of whole mangoes does not significantly affect the quality of 
fresh-cut ‘Kent’ mango slices stored at 5 oC. Ngarmsak et al. (2005) reported that washing whole ‘Chok Anun’ 
mangoes in warm (50 oC) or cold (12 oC) chlorinated (100 ppm) water for 5 minutes significantly reduced total 
microbial populations on the skin and stem end of the mangoes. These authors further stated that microbial 
populations on fresh-cut mango slices prepared from unwashed fruit were significantly higher than those 
prepared from washed fruit immediately following preparation and after 7 days at 5 oC.  
4.3.2 Calcium treatments for firmness retention 
As per description of Chantanawarangoon (2000) based on his work on mango, shelf life of fresh-cut mango 
cubes was limited by softening and browning. At 5 °C, shelf lives of mango cubes treated with distilled water 
(control), 0.5% CaCl2 and 1% CaCl2 for about 5, 7 and 9 days, respectively. Accordingly, mango cubes treated 
with 1% CaCl2 had higher flesh firmness and calcium content than those treated with 0.5% CaCl2 or water 
(control). Chantanawarangoon (2000) concluded that firmness of mango cubes in all treatments decreased during 
storage. However, firmness of mango cubes treated with 1% CaCl2 was significantly higher than those treated 
with 0.5% CaCl2 or water (control).  
4.3.3 Use of ethylene action inhibitors  
Waxing, low O2, high CO2 and ripening inhibitors are now and then combined to prolong storage life (Izumi and 
Watada, 1994; Tessema, 2013). Conversely, optimum treatments for each ripening inhibition, endogenous 
ethylene (C2H4) are always a problem (Tessema, 2013). Thus, many chemical formulations have been tried to 
keep the ethylene below the threshold level. Ethylene absorbents, such as calcium chloride (CaCl2) and 
potassium per manganent (KMnO4), in conjugation with controlled storage atmosphere have a notable 
commercial potential which may not feasible for the small scale farmers. 
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The results of chemical treatment trial, by Tessema (2013), indicated that spoilage of tomato fruits was 
increased in all the treatments over storage time (Table 4.1). However, there was a difference in magnitude 
spoilage between and within the treatments. According to Tessema (2013), the least spoilage (22.5%) was 
recorded in fruits treated with 8% CaCl2 and packed with ventilated polythene cover whereas maximum (100%) 
spoilage was recorded on the treatments which were not under modified atmosphere at end of the fourth week 
(Table 10). This indicated a significant role of CaCl2 as an ethylene absorbent and this aspect together with 
modified atmosphere could have less extent of spoilage on storage period. 
Plotto et al. (2003) also investigated that the effects of treating whole ‘Kent’ mangoes with 1-
methylcyclopropene (1-MCP, 25ppm), heat (38 oC and 98% relative humidity for 12 or 24 hours), or ethanol (5 
g/kg) on quality and shelf-life of fresh-cut pieces. The fresh-cut pieces were dipped in 2% calcium ascorbate and 
1% citric acid to prevent browning. They found that the 1-MCP and heat treatments decreased firmness while the 
ethanol treatment maintained firmness similar to the control. After 12 days at 7-8 oC, cut pieces from ethanol-
treated mangoes maintained the best visual quality, but had off-flavor. Similarly, Vilas-Boas and Kader (2007) 
found that softening and browning were delayed when 1-MCP (0.5 or 1.0 ppm for 6 hours) was applied directly 
on fresh-cut ‘Kent’ and ‘Keitt’ mango slices. 
 
5. Summary and Conclusion  
It is obvious that the loss of fresh fruits and vegetables (perishables) in the postharvest supply chains is common 
in both developed and developing countries and not new, and it has been continuing as a major problem for 
mankind. In addition to that, currently human population is increasing rapidly and also climate change brings 
additional complications in the developing countries of the world where technology is insufficient and food is 
already short. Therefore, urgent solution is required to supply food continuously both in quality as well as in 
quantity to mankind in order to alleviate hunger and malnutrition. This can be okay through application of 
intensive and/or extensive farming along with proper management of produced food commodities during 
postharvest period. The main objective of this review is, therefore, to assess literatures on the extents and causes 
of postharvest losses of perishable crops, mainly fresh fruits and vegetables. Thus, the manuscript examined the 
importance of perishable crops; the various concepts of postharvest food losses of perishables in the global, sub 
Saharan Africa and Ethiopian levels. Postharvest loss reduction strategies are also assessed. 
According to the UN projects, world population will grow from its current 6.8 billion to 9.1 billion in 
2050. Feeding this larger and more urban population will require agricultural production to grow by 70 per cent 
as said by FAO. This huge increase in demand will not be achieved through increasing food production as usual. 
This is particularly because of the resources for producing food is becoming increasingly scarce. Reducing food 
losses by addressing inefficiencies across the entire food supply chain must thus be an essential component of 
any strategy to make more food available without increasing the burden on our natural environment. 
Unfortunately, this is an area that has been neglected over the years. Less than 5 per cent of funding for 
horticultural research and extension has been allocated to postharvest issues over the past 20 years, as the 
historical focus has been on increasing production. 
With postharvest issues having been largely ignored, a firm evidence base from which to assess global 
food waste is lacking. Much of the data on losses have not been collected systematically and updated. In addition, 
there has not been much research on the impact of food waste in transitional countries such as Ethiopia. 
Therefore, there is an urgent need for more quantitative research providing loss estimates for the food supply 
chains of developing countries and the rapidly evolving transitional countries. Without such evidence, 
discussions on the potential for reducing global food waste as a contribution to feeding 9 billion by 2050 will 
remain largely theoretical and measuring progress against any global reduction target almost impossible.  
It was reviewed in the literature that the factors contributing to these food losses include; genetic 
factors, the initial quality of the crop, environmental influence (temperature, relative humidity, and storage 
atmosphere), mechanical injury. In order to minimize these problems, the appropriate and feasible agricultural 
techniques such as the general principles of extending shelf-life of these crops must be put in place. There should 
be selection of appropriate varieties, following of proper harvesting and handling, proper management of 
temperature, humidity and effective methods for preventing these losses. Since most national governments 
acknowledge that postharvest food losses is complex, therefore, it requires a commitment to an integrated 
approach, involving numerous organizations, including local communities and groups especially those involved 
into the food supply chains. 
The food supply chains in developing countries need to be strengthened by, encouraging small farmers 
to organize and to diversify and scale up their production and marketing. Investments in infrastructure, 
transportation, food industries and packaging industries are also required. Both the public and private sectors 
have a role to play in achieving this.  
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Table 1. Part of the initial production lost or wasted at different stages of the food supply chain for fruits and 
vegetables in different regions 
Region Agricultural 
production 
Postharvest 
handling and 
storage 
Processing and 
packaging 
Distribution Consumption Total 
Europe incl. 
Russia  
20% 5% 2% 10% 19% 56% 
North America 
& Oceania 
20% 4% 2% 12% 28% 66% 
Industrialized 
Asia 
10% 8% 2% 8% 15% 43% 
Sub Saharan 
Africa 
10% 9% 25% 17% 5% 66% 
N. Afri, W. & 
Cent. Asia 
17% 10% 20% 15% 12% 74% 
Latin America 20% 10% 20% 12% 10% 72% 
Source: Gustavsson et al., 2011 
 
Table 2. Estimated values of postharvest losses of vegetables in Ethiopia during the production year of 2012/13 
Vegetable  
crops 
Area of production (ha) Total production  
(ton) 
Estimated postharvest 
losses (ton) 
Potatoes 74,934.57 863,347.8 345,339.1-431,673.9 
Eth. Cabbage 34,791.05 370,995.2 148,398.1-185,497.6 
Red peppers 136,503.7 316,554.1 126,621.6-158,277.0 
Green peppers 10,588.52 85,547.8 34,219.1-42,773.9 
Tomatoes 7,237.35 55,514.3 22,205.7-27,757.1 
Head cabbage 3,049.01 23,224.7 9,289.9-11,612.3 
Swiss chard 310.70 329.04 131.6-164.5 
Lettuce 75.01 * * 
Total vegetables 192,555.39 852,308.3 340,923.3-426,154.1 
Source: CSA, 2012/13; Note that losses are calculated in 40-50% for each commodity. * No data.  
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Table 3. Estimated values of postharvest losses of fruits in Ethiopia during the production year of 2012/13 
Fruit  
crops 
Area of production (ha) Total production  
(ton) 
Estimated postharvest 
losses (ton) 
Bananas 36,012.2 302,502.2 121,000.9-151,251.1 
Mangoes 8,808.64 69,750.7 29,900.3-34,875.3 
Papayas 2,752.08 38,694.3 15,477.7-19,347.1 
Oranges 2,999.21 35,745.8 14,298.3-17,872.9 
Avocadoes 8,938.24 25,633.2 10,253.3-12,816.6 
Lemons 754.23 5,516.7 2,206.7-2,758.3 
Guavas 1,492.32 1,173.0 469.2-586.5 
Pineapples 215.69 * * 
Total fruits 61,972.6 479,336.1 191,735.6-239,668.0 
Data source: CSA, 2012/13; Note that losses are calculated in 40-50% for each commodity. * No data.  
 
Table 4. Estimated value of fruits and vegetables loss at the retail and consumer levels in the United States, 2008 
Commodity 
Food 
supply 
Losses from food supply chain 
Retail level  Consumer level 
 
 
Total retail and 
consumer levels 
   Million 
dollars 
Million 
dollars 
Percent 
 
 
Million 
dollars 
Percent 
 
 
Million 
dollars 
Percent 
Fruits 62,146 5,795 9  9,340 15  15,135 24 
Fresh 38,120 4,353 11  7,080 19  11,435 30 
Processed 24,026 1,442 6  2,258 9  3,700 15 
Vegetables 103,417 9,174 9  18,493 18  27,667 27 
Fresh 61,039 6,631 11  12,316 20  18,947 31 
Processed 42,378 2,543 6  6,177 15  8,720 21 
Total 165,563 14,969 9  27,833 17  42,802 26 
Source: Buzby and Hyman, 2012 
 
Table 5. Estimated per capita value of fruits and vegetables loss at the retail and consumer levels in the United 
States, 2008 
Commodity Food 
supply 
Losses from food supply chains 
Retail level  Consumer level  
 
Total retail and 
consumer levels 
   Dollars Dollars Percent  
 
Dollars Percent  
 
Dollars Percent 
Fruits 204 19.1 9  30.7 15  49.8 24 
Fresh 125 14.3 11  23.3 19  37.6 30 
Processed 79 4.7 6  7.4 9  12.2 15 
Vegetables 340 30.2 9  60.8 18  91.0 27 
Fresh 201 21.8 11  40.5 20  62.3 31 
Processed 139 8.4 6  20.3 15  28.7 21 
Total 544 49.3 9.1  91.5 17  140.8 26 
Source: Buzby and Hyman, 2012 
 
Table 6. Recommended verses measured pulp temperatures for tomatoes at farm, wholesale market and retail 
market sites in four countries 
Countries  Recommended 
temperature 
Mean pulp temperatures (oC) ± st.dev. 
Farm Wholesale Market Retail Market 
India 15 25.2±0.6 30.5±2.7 29.1±2.8 
Ghana 15 31.2±2.7 30.2±2.5 32.5±2.6 
Benin 15 28.5±1.7 29.1±1.2 30.6±2.7 
Rwanda 15 30.1±3.0 22.1±1.2 23.4±2.3 
Source: Kitinoja and AlHassan, 2012 
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Table 8. Storage of some fruits in cool chamber 
Crop Cool chamber Room temperature  
Shelf life (days) PLW (%) Shelf life (days) PLW (%) 
Banana 20 2.50 14 4.80 
Grapefruit 70 10.20 27 4.94 
Guava  15 4.00 10 13.63 
Lime 25 6.00 11 25.00 
Mango 9 5.04 6 14.99 
Source: Roy. n.d. “On-farm storage technology can save energy and raise farm income.” Presentation. 
Accessible at: http://www.win2pdf.com  
 
Table 9. Storage of vegetables in cool chamber PLW (Physiological Loss in Weight) 
Crop Cool chamber Room temperature  
Shelf life (days) PLW (%) Shelf life (days) PLW (%) 
Amaranth 3 10.98 <1 49.82 
Okra 6 5.00 1 14.00 
Carrot 12 9.00 5 29.00 
Potato 97 7.67 46 19.00 
Mint 3 18.6 1 58.5 
Turnip 10 3.4 5 16.0 
Peas 10 9.2 5 29.8 
Cauliflower 12 3.4 7 16.9 
Source: Roy. n.d. “On-farm storage technology can save energy and raise farm income.” Presentation. [Online] 
Accessible: http://www.win2pdf.com  
 
Table 10. Effect of various postharvest treatments on extent of spoilage of tomato fruits (%) 
Treatments Weeks after harvest 
Initial  
(day 1) 
1st reek  
(7th day) 
2nd week 
(14th day) 
3rd week (21st 
day) 
4th week 
(28th day) 
(T1)4%CaCl2 0 0 33.3 27.3 100 
(T2) 8%CaCl2 0 1.7 28.5 54.5 100 
(T3) 12%CaCl2 0 0 6.7 0 100 
(T4) 4%CaCl2 + *PC 0 0 0 0 27.3 
(T5) 4%CaCl2+ *PC 0 0 0 16.7 22.5 
(T6) 4%CaCl2+ *PC 0 0 0 20 23.5 
(T7) Control (water dip) 0 0 13.3 36.7 100 
(T8) PC (without CaCl2) 0 0 6.7 8.3 70 
Source: Tessema, 2013  
*PC=Polythene cover with six vents  
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Figure 1. Estimated losses of fresh fruits and vegetables in each steps of the FSC in SSA. Source: Gustavsson et 
al., 2011 (FAO) 
 
 
Figure 2. Distribution of respondents according to the type of fruit losses during handling (n=60). Source: 
Kereth et al. (2013) 
 
 
Figure 3. Types and magnitude of fruits losses at various handling stages. Source: Kereth et al. (2013) 
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Figure 4. Spoilage due to poor handling. Source: Gustavsson et al., 2011 
 
 
Figure 5. Poor quality packages - cloth sacks of eggplant in India (used fertilizer bag). Source: Kitinoja and 
AlHassan, 2012. 
 
(a)                                                                              (b) 
 
Figure 6. Poor quality packages: – (a) enlarged sacks of cabbage, and (b) huge sized wooden crates of ripe 
tomatoes in Ghana. Source: Kitinoja and AlHassan, 2012. 
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(a) 
 
 (b) 
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(c) 
Figure 7. Various uses and benefits of Cool Chamber: (a) Vitamin C maintained in the cool chamber stored 
tomatoes comparative to room (control) stored ones, (b) Different commodities stored in cool chamber maintain 
their chemical and appearance qualities, (c) Banana maintain its qualities at the end of 12 days of storage in cool 
chamber storage. Source: Roy. n.d. “On-farm storage technology can save energy and raise farm income.” 
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